Introduction
Since the two crises, both in terms of the speed and the size of the decline in daily stock prices (see Hinojales and Park, 2011 ). An interesting question to ask is whether this reflects a greater degree of financial integration either at the regional or the global level. Financial integration generally has positive implications for the efficient allocation of capital and an economy's ability to absorb shocks (Pauer, 2005) ; in addition, it may promote financial development and enhance economic growth (Fung et al., 2008) . However, stronger financial linkages may also imply a higher risk of cross-border financial contagion with adverse consequences for financial stability and economic growth. Therefore, assessing and monitoring the progress of financial integration is of particular importance in developing Asia.
This paper employs a price-based measure of integration, namely stock return differentials between ten emerging Asian economies and the US (as an indicator of global integration), as well as Japan and the Asian region (as two alternative indicators of regional integration), to test for mean reversion and draw inference on financial integration. It makes a three-fold contribution to the literature on stock market integration in emerging Asia. First, it uses not only aggregate but also industry level data on stock returns, thereby shedding light on which industries drive either global or regional financial integration in Asia. Very few previous studies have analysed Asian stock market integration using industry level data (see Hinojales and Park, 2011) .
Second, it examines the impact of the 2008 crisis on the process of regional and global integration in Asian stock markets, both at the aggregate and industry level. Again, only a few other studies have addressed this issue. Wu et al. (2015) and Wang (2014) both use daily data at the aggregate level. The former focus on the transmission of shocks (contagion) from the US, Japan, and Hong Kong to other Asian countries and hence regional integration in East Asia stock markets is not considered, and neither is the evidence at the industry level.
Third, unlike previous studies using either correlation tests or vector autoregression (VAR) techniques, 1 it employs a fractional integration approach as in Gil-Alana (2000) and Caporale and Gil-Alana (2017) . A fractional differencing parameter d below one in the return differentials does not necessarily imply mean reversion, which would indicate stock market integration: only values below zero represent evidence of integration, whilst values above zero imply long memory in the return differentials, i.e., no stock market integration. To our knowledge, fractional integration tests have not been carried out before in the case of the emerging Asian stock market returns, despite their advantages over conventional methods based on the classical I(0) / I(1) dichotomy.
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The layout of the paper is as follows. Section 2 briefly reviews the relevant literature.
Section 3 outlines the methodology. Section 4 presents the empirical results. Section 5 offers some concluding remarks.
1 Another strand of the literature on stock market integration examines volatility spillovers -see Sharma and Seth (2012) for an extensive review.
2 Some recent examples of mean-reverting analysis on Asian stock prices using techniques other than conventional ADF unit root tests include Chen and Kim (2011) , who employ nonlinear mean reversion tests, and Wang et al. (2015) , who carry out a Lagrange Multiplier Fourier unit root test and a stationary test with a Fourier function.
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Literature Review
Broadly speaking, three types of financial integration measures have been used in the existing literature: (1) price-based measures that are largely embodied in interest parity conditions in the money markets as well as in co-movements in assets returns in stock and bond markets;
(2) volume-based measures that include the saving-investment correlations pioneered by Feldstein and Horioka (1980) , consumption correlations (e.g., Bayoumi, 1997; de Browuer, 1999) and capital flows (cross-border financial transactions) (Cavoli et. al., 2006) ; (3) measures based on regulatory or institutional factors, capital controls and legal restrictions such as those on foreign equity holdings (e.g., Grilli and Milesi-Ferretti, 1995; Magud and Reinhart, 2006) . Price-based measures are the most widely employed (Kearney and Lucey, 2004, and Sharma and Seth, 2012 VAR studies on the Asian stock market include Huyghebaert and Wang (2010) and Wang (2014), both examining long-and short-term linkages using cointegration tests and impulse response analysis, respectively. Some recent studies focusing on individual Asian countries include Gupta and Guidi (2012) on India and Chien et al. (2015) on China, both using cointegration techniques (DCC analysis is also carried out in the former).
The overall conclusion of the above mentioned papers is that financial integration between the Asian stock markets has increased and linkages between them have become stronger as a result of shocks. Some recent studies estimate correlations to investigate the issue of whether the higher degree of financial integration between the Asian stock markets is due to stronger integration within the region or with the global markets (e.g., Hinojales and Park, 2011; Park and Lee, 2011; Kim et al., 2011; Kim and Lee, 2012; Park, 2013) ; the common finding is that global integration is the main driving force, although regional integration has also intensified. 
Methodology
The fractional integration framework adopted in the present study allows the differencing parameter required to make a time series stationary or I(0) to be any real number (as opposed 6 to an integer): a series x t , t = 1, 2, .... is said to be integrated of order d, and is denoted as I(d)
if it can be represented as
(1) where x t is the observed series, L the lag operator (i.e., Lx t = x t-1 ) and u t is I(0) and assumed to be a covariance stationary process with a finite sum of the autocovariances. In this context, a process is defined to be mean reverting if d is smaller than 1; this framework is more general than the standard approaches that only consider mean reversion in the case of d = 0.
In addition, the lower the value of d in the interval [0, 1) is, the faster the convergence process is. Also, if d is higher than 0, the process is said to exhibit long memory because of the strong degree of association between observations that are far away in time, and covariance stationarity holds if d is smaller than 0.5. Therefore, if d belongs to the interval [0.5, 1) the process is non-stationary but mean-reverting. 5 Specifically, we consider the following regression model,
where y t is the series of interest, β 0 and β 1 are unknown coefficients on an intercept and a linear time trend, and the regression errors, x t , are specified as in equation (1), that is, as integrated of order d, where d is also an unknown parameter to be estimated. The estimation method for all parameters is the Whittle function in the frequency domain as in Dahlhaus (1989) . Other approaches produce very similar results.
Data and Empirical Results
Data
Our group of emerging Asian economies includes China (PRC), Hong Kong, India, Indonesia, Malaysia, Philippines, Singapore, South Korea, Taiwan, and Thailand. To examine global 7 financial integration in Asian stock markets we calculate the stock market return differentials between emerging Asian economies and the US. To examine integration at the regional level we calculate instead stock market return differentials between the emerging Asian economies and two alternative regional benchmarks: the first is Japan, which has been long regarded as the regional leader in terms of financial market development; the second is a regional stock index for emerging Asia, specifically the Morgan Stanley Capital International (MSCI) Asia (excluding Japan) index that includes the above mentioned ten emerging Asian economies; the frequency is monthly and the sample period is 2000M1-2016M8; the data source is
Datastream. Stock market returns are calculated as monthly log first differences in each case, and then return differentials are computed between each of the ten emerging Asian economies considered and the US, Japan; and the regional index respectively.
As mentioned before, in addition to aggregate data, we also analyse industry level data. Using the same data sources and methods, we calculate three sets of differentials for the 
Empirical Results
The results are presented in Tables 1 -12 , specifically the aggregate ones in Tables 1, 2 In the post-crisis period, there is no evidence of anti-persistence in any case vis-a-vis the US and Japan. The only evidence of mean reversion is found for Singapore, Taiwan, and
Thailand vis-à-vis Asia. Further, it appears that there is long memory or high persistence in the original series in the case of Malaysia vis-à-vis Asia.
Overall, there is no evidence of integration between the emerging Asian economies considered and Japan, either in the whole sample period or the sub-periods. The number of cases of mean reversion implies more regional than global integration for the whole sample period, when the regional index (excluding Japan) is used as the benchmark. In the pre-crisis period, global integration is stronger than the regional one but the opposite is true in the postcrisis period where no cases of global integration are found but there is stronger regional integration. 
Industry Level Results
Industrial Sector
For the industrial sector (Table 3 ) evidence of long memory is found only for South Korea vis-à-vis Asia, and of anti-persistence (or mean reversion in the original series) for Hong
Kong and Thailand vis-à-vis the US and Asia, Thailand vis-à-vis Japan and Taiwan vis-a-vis Asia. Regional integration appears to be stronger than the global one when the regional index (excluding Japan) is employed for the analysis.
In the pre-crisis period (Table 4a) there is no evidence of long memory, whilst antipersistence is found for Thailand vis-à-vis the US, Japan and Asia, Hong Kong and Malaysia vis-à-vis the US. In the post-crisis period (Table 4b) , there is no evidence of integration with the US, whilst there appears to be integration for Hong Kong and Malaysia vis-à-vis Japan and China and Taiwan vis-à-vis Asia. Evidence of long memory is found only for Indonesia vis-à-vis the US. Global integration seems to be stronger than the regional one prior to the 2008 crisis and the opposite is true in the following period. Table 10 provides a summary of the results for the industrial sector by country. An increase in d is found for Hong Kong, Indonesia, the Philippines and Thailand vis-à-vis the US; d also increases in the case of Thailand while it decreases in the case of China and
Malaysia vis-à-vis Japan; it increases for Hong Kong and Thailand as well and decreases for
China and Taiwan when the regional index is used for the analysis. Therefore, Thailand seems to move away from both regional and global integration whilst China appears to have become integrated regionally in the post-crisis period.
Consumer Goods Sector
For this sector (Table 5) China vis-à-vis Japan. Overall there is limited evidence of integration, and only at the regional level, with long memory being found in more cases after the crisis.
The results by country for this sector are summarised in Table 11 . The estimated value of d increases only for Indonesia vis-à-vis the US, and for the Philippines, South Korea and Thailand vis-à-vis Japan. Finally, d increases in the case of India and Malaysia and decreases in the case of China and Taiwan when the regional index is used as a benchmark.
Hence, several emerging countries appear to be moving away from integration, either globally or regionally, China and Taiwan being the exceptions.
Financial Sector
For the financial sector (Table 7) full-sample evidence of long memory is found for Indonesia vis-à-vis the US and Japan, and of mean reversion for Thailand vis-a-vis Asia. In the pre-11 crisis period, there is only one case of mean reversion, namely Thailand vis-à-vis Asia, whilst in the post-crisis period six economies exhibit mean reversion vis-à-vis Asia. There is only one case of mean reversion vis-à-vis the US, namely that of China, and none vis-à-vis Japan.
The only case of long memory is that of India vis-à-vis Japan. The sub-sample analysis provides strong evidence of integration at the regional level after the 2008 crisis when using the regional index rather than the Japanese one.
The results by country are summarised in Table 12 . The estimated value of d increases only in the case of China vis-à-vis the US, and India vis-à-vis Japan. When the regional index is used, it declines in various cases, namely those of China, the Philippines, Singapore, South Korea, Taiwan and Thailand, which implies stronger regional integration in the post-crisis period.
Overall, at the aggregate level there are various cases (Hong Kong, India, Taiwan and Thailand) indicating much stronger regional than global integration. The most persistent return differentials are those for Indonesia, especially vis-à-vis the US and Japan. The subsample analysis suggests that global integration was stronger than the regional one before the 2008 crisis, but in the subsequent period a number of economies (Singapore, Taiwan and Thailand) seem to be regionally integrated but none globally.
At the industry level there appears to be some heterogeneity across sectors, although in all three sectors examined regional integration appears to be stronger. This is particularly apparent in the case of the financial sector: there is only one case of regional integration in the full sample and the pre-crisis period (Thailand vis-à-vis the Asian index), but in the postcrisis period six of the ten economies examined exhibit regional integration, whilst there is only one case (China) of global integration. For the industrial sector, there is slightly stronger regional than global integration for the whole sample period, with much weaker global integration and slightly stronger regional integration in the second sub-sample (mainly 12 reflecting stronger integration of China). As for the consumer goods sector, there is no evidence of global integration and very limited evidence of regional integration.
It is also noteworthy that at the aggregate level regional integration is only found when using the regional price index (excluding Japan) rather than the Japanese price index (with the exception of the industrial sector in Thailand), which sheds some doubt on the role of Japan as a regional leader; this holds at the sector level as well, with only a few exceptions.
Our results also highlight China's increasing integration, especially after the 2008 crisis (at the regional level for the industrial sector and both regionally and globally for the financial sector). Hong Kong, Taiwan and Thailand are among the most regionally integrated economies.
Conclusions
This paper investigates the issue of global and regional financial integration of ten emerging Asian economies at both the aggregate and industry level analysing the stochastic behaviour of stock return differentials by means of fractional integration techniques. Our main findings are as follows. First, there is overwhelming evidence of stronger regional than global integration at the aggregate level. The sub-period analysis shows that in the pre-2008 crisis period global integration was stronger than the regional one, whilst the opposite is true of the second period. Second, stronger evidence of regional integration is also found at industry level, especially in the post-crisis period, especially for the financial sector. Third, regional integration in emerging Asia is mainly within member economies rather than with Japan.
Besides, China appear to be more integrated both globally and regionally after the 2008 crisis, and Hong Kong, Taiwan and Thailand are the countries that are most regionally integrated.
Our first finding of stronger regional integration is in contrast to the conclusions of numerous other studies finding more evidence of global integration (e.g., Hinojales and Park, 13 2011; Park and Lee, 2011; Kim et al., 2011; Kim and Lee, 2012; Park, 2013) Whilst the developed economies were mainly hit by a liquidity shock, emerging equity markets were primarily affected by a decline in risk appetite (Chudik and Fratzscher, 2011) , regardless of their level of financial integration with the developed economies (Wang, 2014). Therefore, despite the declining level of global integration after the 2008 crisis, policy makers in the emerging Asian economies should have a framework in place to assess and monitor this type of transmission mechanism of financial crisis (e.g., the daily measures of risk appetite proposed by Kumar and Persaud (2002) ) to be able to react quickly and effectively.
Our industry level analysis suggests that the financial sector is highly regionally integrated while its integration with the US or other countries in the region such as Japan has been declining, especially after the 2008 crisis, which is consistent with the findings of Hinojales and Park (2011 
